milestone

by MAGGIE CHEN

THE HISTORY OF
ANTI-VEGF THERAPIES

Blood vessels grow everywhere in the human body, but aberrant
growth can lead to diseases like cancer. Through painstaking research

in the past few decades, scientists have figured out ways to control
this vessel growth to help stop disease progression.

Early clues linking blood
vessel growth to tumors

In 1939, a group of scientists at Rochester University decided to investigate
the ear of a rabbit. After transplanting a bit of carcinoma into the animal’s
ear, they looked at the growth of blood vessels (angiogenesis) in the area.
It turned out that the tumor growth was accompanied by the division of
these blood vessels — and that if these vessels did not grow, the tumor
wouldn't grow either (1).

These findings, along with the quiet publication of a few others, pushed
forward the idea that something blood vessel-related was important to the
pathogenesis of cancer. In 1945, scientists at the National Cancer Institute
counted the number of blood vessels that grew alongside transplanted
tumors and found that blood vessel growth preceded tumor expansion (2).

As scientists became more obsessed with finding the molecules that
governed these biological processes, people from different fields began
to postulate how these blood vessels might grow. Some thought that a
mysterious factor, possibly secreted from tumor cells, caused blood vessel
growth. Others thought that the eye’s retina created something that similarly
led to vessel growth, since blood vessels play a prominent role in the eye
(3).In 1968, a group at Harvard Medical School showed that even sticking a
filter in between transplanted cancer cells and the host wouldn't stop blood
vessels from growing at a frenetic pace, definitively proving that there was
some mysterious traveling factor that caused angiogenesis to occur (4,5).

Cancer cells release VEGF to
promote the formation of new
blood vessels that nourish and

sustain tumor growth.

Scientists discovered
the link between
blood vessel growth
and tumor growth
by looking in the ear
of a rabbit.
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Judah Folkman was considered
the “father of angiogenesis.”
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A mysterious “factor”

With the emerging theory that cancers caused blood vessels to
go haywire, the race was on to figure out exactly how. In 1971, a
pediatric surgeon named Judah Folkman postulated that blocking
blood vessel growth might stop cancer growth. While this theory
was met with some uproar in the scientific community, Folkman's lab
simultaneously reported their initial efforts to isolate the mysterious
compound responsible for blood vessel growth from different tumor
models and cultured cells (6).

Folkman hypothesized that a diffusing factor would be plausible —
this molecule would need to travel long distances in possibly turbulent
blood vessels, after all. To identify what exactly this factor might
be, Folkman'’s lab homogenized a rat breast tumor and then tried to
fractionate the homogenate through a gel. They then tested each
fraction on whether it would stimulate blood vessel growth.

One fraction did indeed have strong angiogenic activity. The scien-
tists dubbed the fraction “tumor angiogenesis factor” — a mixture
of fats, proteins, and RNA. However, with the technology of the
time, isolating a single protein or molecule from this fraction was
extremely laborious.

Finding VEGF

Inthe years after Folkman's group introduced the “tumor angiogenesis
factor” to the scientific community, researchers continued to search
for this mysterious factor that would stimulate blood vessel growth.
Some research groups had isolated fibroblast growth factors (FGFs) that
appeared to be potential candidates (7). However, FGFs weren't secreted
and seemed to stay firmly inside cells. As a result, the search continued
and piqued the interest of Napoleone Ferrara, then a postdoctoral scholar
at the University of California at San Francisco.

Ferrara was studying follicular stellate cells, which live in the pituitary
gland. "Among the things that we found very intriguing was the fact these
cells were in this close proximity to blood vessels,” he said. The team
isolated the cells” supernatant, essentially a soup containing all sorts
of secreted molecules, and used a technique called high-performance
liquid chromatography to separate the specific protein molecules in
the supernatant (8).

After testing various protein fractions to see if they stimulated the
growth of endothelial cells, which make up blood vessels, the team tried
to microsequence the fraction to determine its amino acid sequence.

Napoleone Ferrara’s
team discovered VEGF.

They confirmed this fraction was comprised primarily of one unique
protein. Then, they found that the protein had a previously unknown
amino acid sequence, indicating that this was, indeed, a newly dis-
covered pratein. Since the protein only stimulated the growth of vas-
cular endothelial cells, the scientists dubbed it “vascular endothelial
growth factor,” or VEGF.

Ferrara, who had moved to Genentech, remembered finally getting
the terminal amino acid sequence from a collaborator who surprised
him at a dinner party. “l was stunned because | did not expect any of
that,” he said. “l remember it as a great evening.”
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completely inhibited the growth of new blood vessels in the eye (14). “It was almost

° CJ like one of those things where you pinch yourself because we didn't think it would !
VEGF in all its forms &

be that effective,” said Miller.

This anti-VEGF antibody became Genentech’s Avastin, a medication approved
in the US in 2004 for treating colon cancer. Other technologies that similarly
blocked VEGF, such as anti-VEGF antibody fragments, sprouted in biotechnology
labs around the world.

Isolating VEGF was merely one step. Next, Ferrara and his team wanted to see how important
the factor was. To do this, the scientists knocked out the VEGF gene in mice. “It showed that
even if you inactivated one of the two alleles, there is embryonic lethality,” said Ferrara. “This
showed that this was a very important factor, not easily replaced.”

Ferrara’s group, along with other scientists at the University of California at San Francisco,

thenisolated a receptor called FMS-like tyrosine kinase 1 that bound to VEGF with a very high
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affinity (9). As researchers continued to unravel VEGF biology, they isolated other members of

g
£ the VEGF family, including VEGF-B, C, and D. Scientists are
S . A ! E . . . interested in
g Meanwhile, scientists who studied the eye became very interested in how VEGF might fit developing new
= intothe progression of ocular diseases, some of which are caused by markedly increased blood therapies such
g 8 as gene therapies for
& vessel growth in the eyeball. One of them was Joan Miller, an ophthalmologist at Harvard 3 angiogenesis-related Avastin is an anti-VEGF
. —T T , . . . < diseases. antibody developed
Joan Miller and her Medical School who had just joined Folkman’s lab during her retina fellowship. g by Genentech.
colleagues discovered how . - ] . | . 3
VEGF works in the eye. During her training, Miller developed nonhuman primate models of eye diseases. By using g
these models and studying retinal cells in a dish, Miller and the team found that increased &

levels of VEGF correlated with increased vascularization
While these therapies provided new hope for patients, they had

their drawbacks. The macular degeneration therapies, for example,
required monthly eye injections. Inaddition, blocking VEGF even locally
had side effects, like high blood pressure or an increased risk of bleed-
ing, though perhaps not as catastrophic as what people had thought.

Ferrara, Miller, and others are continuing their research on VEGF,
anti-VEGF, and the biology associated with blood vessel formation.

Miller's findings were recapitulated by a larger study Anti_VEGF Miller noted that gene therapies, which are often one and done, might
showing that in human patients, VEGF was indeed be a nice alternative for ocular diseases where the goal is to reduce

associated with the growth of new blood vessels (13). therapies in the c]inic the number of injections needed for vessel formation blockage. Fer-

With these results in hand, scientists began to test Folk- rara, whose research interests have pivoted to also focus more on

inthe eye—and that, specifically, it was the retina that
produced VEGF (10,11). Finally, the scientists showed
that “you could take VEGF protein and inject it into the
vitreous of normal animal eyes and develop new blood
vessels,” Miller said. “So it was sufficient inand of itself

to produce new blood vessels” (12).
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man’s original 1971 theory — if blocking VEGF would in Avastin was soon approved for the treatment of several other cancers, eye diseases, is studying how VEGF inhibitors can be engineered to
fact reduce tumor growth or, with the new knowledge including those of the lung, ovaries, and kidney. Another VEGF blocker, last longer in the eye.
A high level of VEGF can that the molecule was heavily implicated in the eye an aptamer — a small strand of nucleic acids that tightly bi‘nds toa For Ferrara, thg road ahead does not (.ﬂminish the.wor.k a!ready
encourage the growth of and ocular diseases. target — called Macugen, was developed by OSI Pharmaceuticals and done — even with the newer therapeutic technologies like immu-
a::;;zz’a‘t’/:’t‘;z 'r’:f’fgs approved by the FDA to treat macular degeneration in 2004. Then, in notherapies or gene therapies that are becoming available. “It is
causing eye diseases such 2006, an anti-VEGF antibody fragment named Lucentis was developed really rewarding that twenty years later, this drug [anti-VEGF] is
as macular degeneration. . . " .
by Genentech and approved again for macular degeneration. not absolete,” he said.

Blocking VEGF
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